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A Comparison on the Effect of Soil Improvement Methods for the Remediation
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SYNOPSIS : A long-term field demonstration experiment of selected stabilization method to reduce the heavy
metal mobility in farmland soil contaminated by heavy metals around abandoned mine site was conducted. Field
demonstration experiments were established on the contaminated farmland with the wooden plate(thickness=1cm)
which dimension were width=200cm, Length=200cm, height=80cm and filled with treated soil, which was mixed
with lime stone and steel refining slag except on control plot. Soil samples in the plots were collected and analyzed
during the experiment period(2008. 2~2008. 8) after the installation of the plots. Field demonstration experiments
results showed that the application ratio of lime stone 5% was effective for immobilizing heavy metal components
in contaminated farmland soil.
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H wAA FHA ARSI A= F - FHEAE v i EA], A SR T A HFEAIEER
H s §FEHe d=de] gol Frtetar A AbEZE wideA dAska gtk ol d Wl
5 TAAXE AF7HA Baw wlel] olstd F-dlFat FHel XS FAA ] Tud LATA M
Az Aow yUetua v AAlR SR FA7INEAY AR 20049 12€)d M LAFEER X
APA T A= 19377 FeEl FAke] 64%90 1,234 &7 FAA 9 s A, giF-Eo] FAA G
Fo $1Asta = FHoR YEom AAR 1 o] wjg F ZoR FRlFa

ZW7hE G2 2004 69 A mAdT AREEA ddle] FRIEAA ‘St ojmpo]-olmpo]”E &
T IEF S5 AR S0 Jadom i Aste] F - HgAate] A A 2 At Sofl digh
A Falol nxHAA AHo]

dutd oz AdHA Je TFSE LIESA It V£ WAFHES 133 (solidification), #2
3} (Vitrification)) 2} E S 3t H (B 4A 2 /452 (soil washing/acid extraction), 991 E YA T H
(in-situ soil flushing)) ol UYXRH @A AF&5FAE FHA YA S AFAA A A&7 = BA
Al FHolu dAARl o] Fo] ATh(FEEF AL, 2008)

HTols 44 H4& A% 7€ EL3HEY ddo=m, dASGFHL dA v FaH
o7 odd FwAAE AYsty] A HEd F A= vy {FE&S THOE AAHI vk kst
THE Qe EGOoRRY AFAOE AAHAE FAR, SHEYd Tu5 A EHAES A&

- 984 -



o
il

o

AAZ F Lol

oA w4 FapA oy,

1ol o

p o)

©

o

o] Azra el By o] Ay

L

3

.l

- Ko

vzel
il
I

e HaEA s

B2

o

¢
i

o]

=

=

A3 71

=
=

FA

19 Axda B

Zlo

ST

AR A AR

e

571 A1 A el tiafA 0~30cm, 30~60cm

=

o

=]
=

Al

A X

ATCHARIY MY
gake Aol N slEe] A 471A A2 T

LR e e e

0
X
oF
_I_
T
ol
B
—_—

2. Ij& % dt

2.1.
3

l-

Lol vEbf A

g g

{4919 20~30g/kgHtt FoH o2 =

el

wjr

o 2

=

=

J

1PN
R =

ARSI 6.0~65 Bt v

o 4
- 985 -

%

=

= 5.556~459 ®fIE W

fu

570 #4del =9 pH



< f7lE S YA (EEXEH, 2004). 183 2AESY] JEREE g B2 A&
o] =& Al%E(sandy loam)E WEMAITH
I 1L A ESY olsety 54
EC oM Ex.cation (cmol’/kg)
A& H Textu
P (dS/m) (g/kg) K  Ca Mg cxrare
§ 6.0~ 0.7~ 50~ 15~
WEJ 7E 2.00] 3] 20~30 -
& 718 6.5 st 08 60 2.0
2] A Al
1 0~30cm 517 0.069 61.9 0.30 6.52 1.08  Sandy Loam
30~60cm 5.27 0.081 59.0 0.34 7.28 1.06  Sandy Loam
9 0~30cm 511 0.069 54.8 0.40 6.29 1.03  Sandy Loam
30~60cm 555 0.063 56.0 0.31 6.47 1.09 Sandy Loam
5 0~30cm 4.82 0.062 53.5 0.33 5.85 0.91 Sandy Loam
30~60cm 4.66 0.073 53.3 0.35 4.45 0.89  Sandy Loam
4 0~30cm 4.5 0.065 494 0.42 4.34 0.84 Sandy Loam
30~60cm 478 0.070 50.8 0.35 5.46 0.88  Sandy Loam
5 0~30cm 495 0.067 64.0 0.37 6.88 1.11  Sandy Loam
30~60cm 4.8 0.052 B55.7 0.35 5.29 1.00  Sandy Loam

222 jARYUEA E24 2HHY

EFTHNGRH meh AW RPLIESFY FIE FEE

7HE=H(Cd), " (Pb), ot (Zn), HI&(As)e] 2 ¢o ol = )

Zoel daAAE 57 A BE gA7Ee 2 23 A
A

A EFANRARAT} o] Fold 57 AH BE AAEARL 9@
AHY Ao wes e

#(Cd),

201 Attt WG AESFS
H(Pb) 1E]a ofd
CwEbA 2 e d A el

AR Qolq AT

] 0~30cm 15.08
30~60cm 17.89
9 0~30cm 11.77
30~60cm 16.90
0~30cm 59.60

s 30~60cm 9.95
4 0~30cm 8.00
30~60cm 6.44

5 0~30cm 6.72
30~60cm 3.11
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2.3.1. 2HHSXE 2R MY

guedEde] Fo s AuAREs ARG B ) 2% tgstel Ue AEHT Qe
23 Mg MAAEF o™ (Hartley, 2004; Kumpiene, 2008), At FAECl A AL 15 BF <rA3 =g
Arz AA At A AFESY el deie dnt

Atk ol & 27kX 9 ¢t4E HAER A
A EA ¥ XRF #A4& AAste 1 4345 1

1 53] AAEH 1= pH 11072 o5 =
B o

S AZAYEE By E3I XRF B4 A3 A3Xe ZHAdES 62% ooz v st e
o, AZEH 2 4¢E FAEY 2EAES 47 35%, 33%E HuF =A dHsta Jde Aoz
Elth, A& el o e AR dutd oz AlgH = A AYAR F EY U oy 7t
A THEE AREAd daA Mg £ a9E Uegde 55 AZEZEY AL 7eks o (Kumpiene,
2008), AFFFALER] AAEY 1S A8 I FEE s AgAEEZA ALrH, ¥ A(As), B
(Pb), ZF=H(Cd), o} (Zn) T2 299 ¥ YALAELYS Al oA vl a3xd slo=z

EC XRF 414 2H(%)
(ds m'l) SiO9 FeyOs3 Alx03 CaO MgO MnO Py0Os

2] 3] 4] 9.6 7.98 12.7 2.89 3.24 62.7 14.9 0.52 0.06

AZEdHT 11.07 4.95 15.7 35.6 5.33 32.9 3.9 2.34 1.33

2 2m x AE 2m, E°] 0.8m
I 2 Ao HeYEE 05m Eo|®

2 SdEYd ¢HA4s AdAss 4% AdAsSo] 03m 2
HEDS 7 =S AAEAG
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2.3.3. SIZAMSAIEH X2+ M|

Aol 3 57l APk 2 AR GARAA, 4 AAT W FRH A A #
o 2 AdTel $08 QYRS HAA 4 o83 A THT T, LATE
NS 4847 S AEFEA e R r Fausalor, 2 A58 2
AU 2%, 3METE AR 4%sh AGEAT 1%, 4 TE AR 3%, 5HYTE BADE
5002 AYARE Wrhstel LPEFR T F(1Y I, AAT FPAARE 03m BolE AL e
T gl MeYESE 05mEelE BESNL. AUT AT YT HH/103m) — Aaw 4
> oduE IRFAER 2 H9703m) — BEO5M) #AZ ¢ 4% Lol AAHYen, 1
t AT AdEs 44 A%E e Aolch

©)
~1-
e}

éro ofo
N o3l of &
X?LEE 02,

1

a9 5 FASAE AdT hE=E R AT A4
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) A%FEUE ol gedlrh
F Ul vA9 Ad&4EFEWUHE La Force7l A|etet WS wheba] 100mesh® AHES EgAI 59 1M
MgClLE 7}8Fe] Water-soluble % exchangeable AsE &3 U2 AT 7S o]&35lo] EYA RS}
HAEdS Ealshar 0.2um cellulose acetate membrane filter= o Z}sto] 1 FHENS FG L7 Y1 5
FTrE 92 EYAEE AAHS & b5 dAY JEAE Jhebes A o2 a7 794 vEd 2AR
of 2 AXE ZAF JHd vHAaE IEAA FERAFZSH2vHEZAIACP spectrometea) & ©] &1
=459l
Soil : reagent=1: 20

‘, 1M MgCI2(pH 7} shake for 1h

I. Water-soluble and exchangeable fraction

& 1vnaoacpH 5 shake for sh

II. Carbonate and specifically adsorbed fraction

l, 1N HCI shake for 12h

II. Acid volatile sulfides and noncrystalline(hydro)oxides

‘ 5.3% MNaOCl, 95°C for 1h

IV. Organic matter associated fraction

‘ 1M MNH20H HCI in 25% HOWAc, 95°C for 6h

V. Crystalline(hydro)oxides fraction

‘ 10 HF for 16h

VI. Residual silicates fraction

l, HNO3 for zh

VI. Pyritic fraction

% 7 EG W vlae] A& BAEA

(La Force et al., 2000)

H S AlQlgh dntgF&o] daids 19 8ol et o] Ede FRTE o]&ste] 84 T554

i (water soluble)S &3 % 0.11M acetic acidE 7}ste] X34 2 carbonate ZFH THHdE

(exchangeable+acidic phase)2 &3ttt U™ A E% 0.1M NH:OH - HCl& S 713t Fe/Mn

oxide A¢H] F+F5 A ¥ (reducible phase)S &3 & 30% H0.= 7l°l°l TCAM F715S B3 &

IM NH40Ac & 95 7tsto] f7]= 2%H $554E(oxidizable) s &3t 3= W 1A4H F5

EAES T s FHHR A9 A FEH Jt=w FEF FY Xli’\l gHrkst A E‘r(Arlza 1999;

Kaasalainen, 2003). o]u] &L 0.2im cellulose acetate membrane filter2 3 & fF=Z2dZe=n}

33 AI(ICP spectrometer) 2 &3l =54 dFS FAHSA
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A |0l G5 |
H,O shake for 30min

am

a ‘Water soluble phase (+ 28 F25) ‘

4-

0.11IMHOAc shake for 16h

=

‘Acidic phase (X84 X Carbonate 28 S55 ‘

0.IM NH,OH HC1 shake for 16h

4-

c ‘Redu':lble phase (Fe/Mn oxide 2 EH) ‘

l 30% H,0, 85°C for 2h, 1M NH,0Ac shake for 16h
o |Oxidizable phase (871 2 ZTEl) |

3. Ada ¥ &

3.1. M2|7t | E pH

AAFAIE A7 dA AFEYH, AT W EY DHb li%E]—TL(l?—ﬂE])ED} A A YA E
AgA 7 2~5 A Froll A vl A
UEtd A+ W ESE #5710 3 =5
1 2%) > 5A YT (A3 5%), > 4X (A 3]A 3%) > 3H (A3 4% AEH T 1%) Fom
=2 Fo® YEYTHIYE 9). diFiEe] ol TaH JEEe] EY pHYY deHE ESGU dd
Sol2 HAste] ES U o5 (Mobility) B 2 &9 o] &% (bioavailability) 7} %< FEe|=2 ASHT}
AES 1#ste] £ wf(Kaasalainen, 2003), ¢F AHFEI] 1A F (A )l vlal 2~5A4 2 7+ I4A
st AelAge] Hgom A om Fobxl pHel 7|dste] EG | 55 &= Axs 7Idg =+
S Ao R otH A

o
ol
-/

¥, o rlr o

7.0

6.5 |

pH
o
[=]

55 F

5.0

1Plot 2 Plot 2 Plot 4 Plot SPlot

a9 9. 74 AgTE EY pH
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3.2. M2|3t W EY2| CEC(Y0|2nEsH)

_IE‘,

AGATAE A+ AA F FEH, 72 Aytd BEY CEC(¥oleugss)es ad4dst AHegs 48
s 2~ AT Ee] 1A FrAg) R Fds w2 S BAow(2d 10), AT EU
CEC(¥ol2ungtsd) Hidghs 7ITo® 5H e FH (A 34 5%), > 3 F (A 34 4%+AZ<EA 1L 1%)
> 2 (A3 A 3%+A ST 2%) ~ 4A T F(AFA 3%) £o2 A3 A E3no Hl#H Y] =
S Aog Yelgti(zd 10). o183 99& CEC(¥olendse)7t A& &%, f71%9 = pH
agla qbskEe] e Tl webx WzkelA Wake RS aEste] B wj(A A, 2002), SAE <t

>~_E,0[r

RN, AGEAE Aol e pHe A5 A3 AgAa (A3, AdEd )l o
F THH = ZFECa)F H(Fe) AstEE9 JeT AAV J&= Aoz IAdy N\Q‘Eﬁ(ﬁ 3), 53l
Gol2ugzHo] v 53 ZH(Ca)d d&do] 7H F Aoz d A AH(Sparks, 1995). 3 EF
o] CEC(¥ol2usse)7l =855 Jol29 T35 F3sol SUHY T35 AEEe A A#H
QY 7Ee ATES HAES E wj(HFd, 1993; FA-ZE, 2006; F A, 1991; Kuo, 1980), ¢+4 3 A g
Azl Agoz EY U CECZF 1AEF(FA )l vl 433 571k 2~54 89 Ta55 Agayd
7F 71l = Atk
12.0
1000 F
-,
E 80 |
o
b
E_D | I
mE . . | |

1Plot 2 Plot 3 Plot 4 Plot 5 Plot

a9 10, 2 A EG CEC(¥ol2 wesd)

3.3, HalT U EYo| EXTHAHAT

i
_,d

HES X 4o Bt ESE

A} Fol A & F ARl v A

Fol 7ZF A+ < 1.8tono= 7
71013 Ao AGE At 1y

it Aok #AVE glo] L9V

5 = LFERSE O

7484 l"i:’%%é(Cd Ph, Cu, Crﬁ* As)oll ﬂMWt
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J_”l'a ZF AT AlsAHY vt B4y
= 3

Ee)

0{1
Hr
o2
ol
o,
>
jaih
i

[e)

_L
)
o,

=5
N

finj

I, Ol—t— LAl A5 A

oo =
o,
2
o
Jﬁ]—o—i
r ol
{

r_{
b
=2

e
=1
i

401:419
:(l)1=

B
=
ke
=

o

£
2

o o
rr
M
i
ul
>
>,\I

AP ¥ 2 wEE ZHES Hof Ao 7HEA HM%@
71 pHel o] £4 w7k 2t7t pH=13 pH=02.2 ofF W
EYs v @ Axz A9 Aacideolda & 5 3
2] Fejell A Astrw 8FE F e BEY W
& = (Bioavailability) & e 7]ol= o} H k= Hartley (2004
FEeAAEReR EG W o 7HA FEE SAskE L9
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He Aoz ddy A

e

T4 AYT W BESY TS5 BHEAMESGFTAHAANEY)
) Heavy metals(mg/kg)
Cd Pb 7n As
S 71 & 15 100 300 6
N.D. 60.43 3225 1.26
N.D. 22.75 361.15 0.62
MIN N.D 466 358.24 151
N.D. 2.39 296.28 0.89
N.D. 19.67 335.13
MAX
95.43 413.75 4.16
72.43 463.45 4.01
MEDIAN 114.45 445.66 474
51.23 341.76 431
41.69 399.81 6.14
12452 47856 6.14
78.91 581.31 6.26
AVERAGE 119.24 528.33 7.69
63.52 412.00 6.97
85.45 512.06 6.06
64.97 146.56 3.98
4541 228.49 4.45
STDEV 119.24 528.33 7.69
42,97 154.26 495
80.68 172.51 2.77

3.2. HET U EUe| EI4 2EHUSY

HE71EE 7 Aol ARG BEAn deN AEFEHL WA FREEe =AFH
2 zAeon, 19 119 7 24 2AE 34 sRe] FFREL olgad & gl U

g e R eI

>
3+ 4 & Ei (reducible) > 34 & ] (exchangeable) +A1&2 ZHF+A & H(residual) 7} 7FE =2 v &S
EAe = Aoz e oem(2d 11(a), 27 14T (FHe)E 283 7 A+ 25 FA138 &
AGefn &S A
j

FtEH(CADY A5 < 1A F(FAe)E £33 2 A7 257 74 Pl (residual) > 34
A& ® (reducible) > 34 & B (exchangeable) > AF3A & e (Oxidizable) €4 2 #FA & v (residual)
7V 7H e v eSS JEhgl e, 2tsA g E(Oxidizable) 7t AL EAEIA %= 5AS RATHIH
11(h)). olHgt 5L Jt=H0] 2 TaHol vl w3 P H(exchangeable) 9t 3143 3 €l
(Oxidizable)7} 7} =A EA38taL = A A7 d& Aoz Fes i

F(Pb)e] A5 =7l 1-YGFFAHE)E 283 7 A BT Abskd & E(Oxidizable) > 743

> 3 13+ & ¥l (exchangeable) =412 434 & H)(Oxidizable) 7+

7
)
& H) (residual) 44 & e (reducible) >
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I =4 A5t A2 YEst o w3k ¥ H (exchangeable) 7t ©hE Fa 4 Hl3] 7 vk A
FE HATHLH 11(0)).
14(As)e 7§—rn_ =7 148 F(FAe)E 285 2 AT i 474 3 H(residual) > 4b
St 3 sl e s el (Acid volatile sulfides & noncrystalline) > At3t4 & ) (organic matter) > ¥4 2
3t & el(carbonate adsorbed) = 84 2L w3A e (water-souble & exchangeable) =42 FFA4
@ ®l(residual) 7t 7HE =7 EAlste Ao w2 Uetwti(ZE 11(d)).
zt %’4‘7‘4 EF U 55 —%ZHKJEH%% =72 1A F A HF A (A I]A, A%
A T abol & Holx] e, oleld A hAFITHY T8 A
7ol E"k W Sl E7t =2 TS5 FHIQA S AT W, A4 AT EF Wl &=t ok
SR T A Ed o& HA §EHAY F4E T Ue FHE EREE wdd 9 B9 ET JEt
ZA Gl e Ws FE7 wn e Aow FeE AT

24
=

ut

a0 -
a0 -
£
& Fo
kg
=
g s0
=
=
8 so
=
2
= a0
=
=~
30
20
10
o
1 plot 2 plot 3 plot 4 plot S plot
I m Exchangeable&Carbonate m Reducible m Oxidizable = Resicdual
} = =2 s} o] H3IE
(@) Z A7 BEF Wl otde] Z354
100
ac -
20 -
=
g, FO o
§ 60
a
§ so
o
= ao
S
30
20
10
o
1plot 2 plot 3 plot 4 plot S plot
I m Exchangeable&Carbonate = Reducible m Oxidizable m Residual
b o J=geo BIEX
(b) z+ A&+ EF Ul 7t=89 2954
100
Q0
a0
£
® 7JOo
&
=
8 w0
=
=
5 50
=
=
<= 40
=
=
30
20
10
o

1 plot 2 plot 3 plot 4 plot 5 plot

I m Exchangeable&Carbonate m Reducible m Oxidizable m Residual

(©) 7t AeTE B o wel I 5
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10000

20.00

80.00 -

FOo.00

&0.00 B

S0.00

4000 |

As fraction percentage(%)

30,00 B

2000 B

10.00 B

0.00

1 plot 2 plot 3 plot 4 plot S plot

= Water-souble & exchangeable = Carbonate & specifically adsorbed = Acid volatile sulfides & noncrystalline = Organic matter = Residual I

(d) 72 AT =BG Ul wae] 25y
a9 1L RSV F9 7 AT B FE50) 249

a8y EG U L9AdRe] olF /‘é(moblhty) 9 2 Bo] & = (bioavailability)oll 7F& < dFo] & w3A
A3 g pel

A=) —
I A3E 29 120 YER
ot (Zn)e] A5 #HZF73t Z%U/HL 2% ] n3HA (exchangeable) 2 &2 A3 3 Hl(carbonate)
olAdE AsIAEE AL 2~5H-F BT AZEHIJoH, 5A (A 3A 5/) > 3A- (A3 A
A%+ A7 EN T 1%) > 24T (X 3%+AGEN L 2%) = 442 TF (I F 3%) A2 CEC(¥
ol 235 )7t =545 134 (exchangeable) % b A 6é.’EH(carbonate) ofde] srEFHl&o]
< Ao YETHE 12(a).

FIEH(CDY AF #=77Hse A+ B W w34 (exchangeable) 2 €21 2§18 €l (carbonate)
7lEH CEC(Yol2udtse)7t 7Hd =9kd 5A e (A 84 5%)eF 3A 2 (A3 4 4%+A 7<) 1
1%)ol M = 7l=H0] ARd 4&S Jelddd vt iy o g vhe CEC(Yol2usts9)E Yel Yl
A 24T (M3 A 3%+AGEH T 2%)¢ 4B F(A3A 3% AFEATE HERYA Ut E
12(b)).

—'.Jm

T (Ph)e] 4-$ 34 (exchangeable) 2 ¥tAFd A & Hi(carbonate)?] B2 <tAZA Y E A &3 2~
5AE T EF AERew, ofdd =g Ao FostA 5HE (X34 5%) > 3 (A 3 A
1%+ A ZEH T 1%) > 248+ (A A 3%+AZdEe L 2%) = 442+ (AF4A 3%) A= CEC(Ye]
2udksE)7t =555 w3 (exchangeable) 3 ©HAFA A3 Bl (carbonate) el sk &o] W& A
o2 YepEthi(E 12(0)).

H 2 (As)9] AF #=717Hs<r A+ B W 134 (exchangeable) 2 EHFS

A A & Hi (carbonate)
H 2 (As)v= 2720 1A FFAHEE 7wz 2 %ﬂ-?‘(”ﬁ” 3%+ A & 12%), 3H 2 (A 3]
4%+ A& 11%) 2ol 442 (A3 3%)E SUMetE AES B, olF A3Anks H 8
A48 += v& ATl vls FA4sHA vlA7E SR THE 12(d). Ly 5H 2 (A 314 5%)
g2 A et =22 w34 (exchangeable) 3 gAY A g t“ﬂﬁﬂ(carbonate) H| A7) s8] #ast 4
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A (A 34 3%+ AFEH T 2%)¢F 3H BT (A3 A 4%+ A ST 1%)= w48 vl a7t 7 4
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Qe Aoz FUHYrh(E 3). T AFA 5%2 7MY = E3NE FLA 7 58 FolAE 1A T
(FAE)ET vA7F ARe] Hacte AES HEUSET, ol dRkHo® AM3|A o] pH Sl <l
sto] H]A(As)o] &S Eole AARE AAHIL oy, 7E AFAAdA AYEsEe =X °}X]
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